A novel approach by utilizing soybean curd residue, to produce polysaccharide from the edible mushroom Pleurotus ostreatus (P. ostreatus) in solid-state culture, was developed. Firstly, the significant effect of fermented conditions on the production of P. ostreatus polysaccharide was screened out to be inoculum size, moisture content and C/N ratio by using a single factor experiment. Secondly, the three factors were optimized using central composite design in response surface methodology. As a result, a quadratic model was found to fit for the production of P. ostreatus polysaccharide, and the optimal fermented condition was determined as following: inoculum size (11.79%), moisture content (74.64%) and C/N ratio (12.77). A yield of 38.207 ± 1.049 mg/g for polysaccharide was observed in verification experiment. Compared with unfermented soybean curd residue, total polyphnol, protein and various amino acid of fermented soybean curd residue were increased significantly. Therefore, a nutritious ecologic feed could be produced using fermented soybean curd residue.
Introduction
Soybean curd residue (SCR), a by-product of tofu, soymilk or soy protein manufacturing, is just discharged as agro-industrial waste with little market value because of its short shelf life (O'Toole, 1997) . SCR of 0.7 million tons is disposed in Japan annually, mostly by incineration which has caused severe environmental pollution (S. Mizumoto et al., 2006) . In fact, SCR, generally, contains high nutritive quality. Fresh wet SCR includes fat (3.6%), starch and sugar (6.4%), protein (4.8%), fibre (3.3%) and water (81%) (Akihiro Ohno et al., 1996) . 27% protein and 53% carbohydrate on a dry weight basis (Ma et al., 1997) , Which has superior protein efficiency ratio, suggesting that it is a potential source of low cost vegetable protein for animal feed (Wang Jinbing et al., 2008; O'Toole, 1999) . Several studies have recently investigated the use of SCR, including improving the functional properties of SCR protein by acid deamidation (Chan, W. M., Ma, C. Y, 1999) , using Bacillus subtilis B2 to improve the antioxidant activity of Chinese traditional fermented soybean curd residue (Y.P. Zhu et al., 2007) , using SCR as nitrogen source for the solid-state fermentation of a microorganism .
On the other hand, Pleurotus ostreeatus (P. ostreatus) is the third most important cultivated mushroom for food purposes and it constitutes an integral part of the normal human diet (R. Cohen et al., 2002) . P. ostreatus is considered as valuable health foods since it is low calories, fats and essential fatty acids, as well as high in vegetable proteins, vitamins and minerals (Agrahar-Murugkar, D., Subbulakshmi, G, 2005; Sanmee et al., 2003) . Levostatin, a cholesterol-lowering drug derived from P. ostreatus, and its analogues are reported to be the best therapeutic agents for correcting hypercholesterolemia (Endo, 1988 ). An ethanolic extract of P. ostreatus has in-vitro antioxidant activities. P. ostreatus extract was found to contain a perceptible amount of total phenols in addition to other constituents such as ascorbic acid, α-tocopherol, β-carotene and flavonoid compounds (rutin and chrysin), all of which contributed to the observed antioxidant activity (T. Jayakumar et al., 2009 ).
Bioactive polysaccharides in mushrooms can often be extracted from mycelia of the species without waiting for a full fruiting body to develop (Song et al., 1998; Hatvani, 2001) . Therefore, mycelial cultivation has received great interest as an efficient method for industrial production of valuable metabolites, and various agro-industrial by-products have been tried as inexpensive growth substrates (Hatvani, 2001; Fang Q., J. Zhong., 2002) . In this study, P. ostreatus polysaccharide was the target substance from fermented SCR.
In recent years, solid-state cultivation (SSC) of mycelia has led to a wide range of applications at the laboratory scale because information from SSC can be applied to more commonly used liquid-state cultivation (Lekha, Lonsane, 1994) . SSC has also been frequently utilized in preliminary tests for cultivating microorganisms under experimental conditions since it requires less time and less labor intensive than liquid-state cultivation (M. Song et al., 2007) . Moreover, the fermented equipments are simple, the efficiency of the fermentation is high, there is no fermented waste liquid and eco-friendly.
In order to find out an optimum condition for producing P. ostreatus polysaccharides, response surface techniques are used in this study, because they are important statistical optimization methods which many factors can be optimized simultaneously and much quantitative information can be extracted by only a few experimental trials (Houng et al., 2003) . There are a lot of successfully applied to the improvement of culture media or the production of primary and secondary metabolites in the cultivation process of many edible and medicinal mushrooms (Chang et al., 2006; Chen et al., 2008; Cui et al., 2006; Mao et al., 2005) . However, there is still lack of knowledge concerning conditions of SSC for the production of P. ostreatus polysaccharides by statistical optimization techniques. performed in 50 mL flask containing one unit of mycelia ager square, which was 5 mm×5 mm and obtained by a self-designed cutter. The flask liquid culture medium was composed of the following components: 2% sucrose, 2% yeast extract, 0.4% potato extract, 0.1% NaCl, 0.3% KH 2 PO 4 , 0.15% MgSO 4 . The initial pH was from 5.0 to 5.5 and was incubated on a rotary shaker at 100 rpm and 25 ℃ for 6 days. Solid-state culture experiment was performed in 200 mL flask with wet SCR in different culture conditions and incubated at 25 ℃. All of the media were autoclaved at 121 ℃ for 20 min.
Polysaccharide determination
The fermented SCR was dried in a bake oven at 50 ℃ and ground to powder. The crushed powder (500 mg) was extracted with 80 ℃ hot water for two hours. The water-soluble polysaccharide was precipitated by adding eight volumes of 99.5% ethanol and stored at 4 ℃ overnight. The precipitated polysaccharide was collected by centrifuged at 7000×g for 30 min. Then the precipitate was dissolved in 10 mL distilled water. Total polysaccharide was determined by phenol-sulfuric acid method with some modifications. (M. Mauro, 2005; S.J. Rhee et al., 2008) . The color reaction was initiated by mixing 1 mL of polysaccharide solution with 0.5 mL of 5% phenol solution and 2.5 mL of concentrated sulfuric acid, and the reaction mixture was kept in a 100 ℃ water bath for 15 min. After cooling to room temperature, the optical density (OD) of the mixture was determined at 490 nm and the polysaccharide content was calculated with D-glucose as the standard. The results were expressed as mg of glucose equivalent per g of fermented SCR.
Total polyphenol determination
Total polyphenol content was determined using the Folin-Ciocalteu method with some modifications (J.L. Mau, et al., 2002; Singleton, Rossi, 1965) . 200 mg fermented SCR was mixed with 7.5 mL (80% V/V) alcohol and put on a rotary shaker at 100 rpm at 25 ℃ for 24 hours. Then the supernatant was collected by centrifugation at 8000×g for 20 min. The supernatant (0.125 mL) was mixed with distilled water (0.375 mL), 0.5 mL of the Folin-Ciocalteu reagent (Sigma, Saint Louis, MO, USA) respectively. Three minutes later, 0.5 mL Na 2 CO 3 (20%) was added, and the mixture was made up to 5 mL with distilled water. After being kept in the dark for 90 min, the OD of the mixture was read at 725 nm. The quantification was determined based on a standard curve of gallic acid (25-250 μg/mL)(Sigma). Results were expressed as mg of gallic acid equivalent (GAE) per g of fermented SCR.
Protein determination
The protein content of fermented SCR was determined using the Protein Quantification Kit-Rapid (Wako Pure Chemical, Osaka) according to the manufacturer's instructions. Briefly, 200 mg fermented SCR was mixed with 4 mL phosphate buffer (pH: 7.6) and kept homogenate by pulp refiner for 2 min. After 10 min, 6 μL supernatant and 300 μL Coomassie Brilliant Blue (CBB) were added into 96-well plate separately, then read the OD of the mixture at 595 nm and the protein content was calculated with BSA solution as the standard. The results were expressed as mg of protein per g of fermented SCR.
Free amino acid determination
The fermented SCR was extracted with 80% (V/V) ethanol in 80 ℃ water bath for 20 min. Recovered supernatant and repeated the previous steps twice. After washing solid matter with 80% (V/V) ethanol, centrifuged and filtered all the recovered supernatant. Totally dried the supernatant in bake oven at 40 ℃ and dissolved again with distilled water keeping at 4 ℃ for 12 h. Mixed the solution with TCA solution at the ratio of 4:1 and placing at 4 ℃ for 10min followed a centrifugation to remove the protein sediments. The pH value of mixture was adjusted to 2-3 using NaOH and HCl (1 mol/L), then centrifuged and filtered by 0.45 μm diameter filter and determined by an auto amino acid analyzer (JLC-500/V2, Jeol Ltd., Tokyo, Japan) in accordance with the manufacturer ' s specifications.
Optimization procedure and experimental design
Response surface methodology was used to determine the influence of three independent variables and the optimum conditions of the production of P. ostreatus polysaccharide. The process variables and the responses were selected by single factor experiments. The effects of the variables inoculum size (x 1 ), moisture content (x 2 ), and carbon and nitrogen ratio (C/N) (x 3 ) on the production of P.ostreatus polysaccharide using SCR were investigated. Each variable was coded at three levels: -1, 0, 1 (Table 1 ).
The variables were coded according to the following equation:
where xi is the dimensionless value of an independent variable, Xi is the real value of an independent variable, (1) Xi is the real value of an independent variable at the center point, Xi  is the step change. The response function investigated was Yi = mg P. ostreatus polysaccharide/g fermented SCR. A central composite experimental design (CCD) was arranged to allow for fitting of second-order model (Nakai, S. et al., 2006) ( Table 2 ). The star points were added to the factorial design to provide for estimation of curvature of the model. Five replicates at the center point of the design (runs13-17) were used to allow for estimation of the pure error sum of squares. All experiments were carried out in a randomized order to minimize any effect of extraneous factors on the observed responses.
The model proposed for response (Y i ) was: The significance of each coefficient was determined using the F-test and p-value. The corresponding variables would be more significant if the absolute F-value becomes greater and the p-value becomes smaller (Yi Song et al., 2010) . All analyses were aided with Stat-Ease Design-Expert 8.0.5 (Stat-Ease Corporation, USA).
Results and discussion

Screening of the signal factor for P.ostreatus polysaccharides
Although single variable method was tedious, and overlook the interaction between different factors, this method was helpful for the selection of levels, making the result more reasonable and credible. Inoculum size had decided the growth of mycelium, when inoculum size was too little, the fermentation starting time was long. In contrast, more inoculum size caused the nutrition to be consumed quickly, and the fermentation could be stopped. Therefore, inoculum size needed to be suitable. Fig.1 .A indicated that 10% (ratio of the mass) was the optimum inoculum size for the production of polysaccharide, with a maximum production of 29.5 mg/g. More SCR did not show any positive effect on polysaccharide production.
The moisture content has an important role in SSC and although fermentation with relatively from no moisture to very high initial moisture levels have been reported (B.A. Prior, 1992) , it has been observed that high moisture content leads to aggregation of substrate particles, poor aeration, and possible anaerobic conditions (R.P. Tengerdy, 1985) . While very low moisture content restricts the fungal growth (P. Gervais, P. Molin, 2003) . Optimal moisture content depends on the nature of microorganism and the substrate being used (Nikhil S et al, 2008) . For the production of polysaccharide, 75% initial moisture was the optimum and maximum polysaccharide yield was 36.42 mg/g by P. ostreatus. Thereafter, polysaccharide yield was reduced with increasing moisture content ( Fig.1.B) .
In order to study the effect of initial pH values on the production of P. ostreatus polysaccharide, fermentation experiments were carried out at different initial pH values. The pH values were varied between 5.0 ± 0.2 and 7.0 ± 0.2 with 0.5 N phosphate buffer. The effect of different pH on the production of polysaccharide in SSC was investigated and the result was shown in Fig.1 .C. The study suggested that an initial pH 5.5 was the optimum pH with a maximum polysaccharide production of 34.88 mg/g. Further increasing in initial pH value led to decrease polysaccharide yield.
The C/N ratio is found to be a crucial factor for the growth rate of mycelium and also for the content and the medical function of P. ostreatus polysaccharide (Chienyan et al., 2004) . Therefore, it is important to adjust the C/N ratio for the production of P. ostreatus polysaccharide. Total carbon and total nitrogen were 45.54% and 4.22% respectively in SCR, thus C/N ratio was 10.8. Media with C/N ratios ranged from 5 to 40 were packed in 200 mL flask to estimate the production of P. ostreatus polysaccharide (Fig.1.D) . Sucrose and yeast extract were used to adjust the C/N ratios. The yield of polysaccharide was changed a little between C/N ratios of 5 and 10. However, increasing C/N ratios caused decline of polysaccharide, therefore, the yield of polysaccharide was decreased after C/N ratio of 10.
A time course of P. ostreatus polysaccharide production in SSC was presented in Fig.1 .E. The result clearly showed that yield of polysaccharide was significantly affected by incubation time. Polysaccharide quickly increased up to about 36.75 mg/g on 20 days. After that, a gradual decrease trend of polysaccharide yield was observed.
Paramenter of solid-state cultivation of P. ostreatus polysaccharides using surface analyses
Based on the above result, further study was carried out by response surface methodology. Three variable (inoculum size, moisture content and C/N ratio) were used to determine the optimum levels of these parameters (2) www.ccsenet.org/ijb 
The statistical significance of Eq. (3) was confirmed by an F-test, and the analysis of variance (ANOVA) for response surface quadratic model was summarized in Table 3 .
The ANOVA of the quadratic regression model demonstrated that the model was significant, with an F-test of a very low probability value (P >F) < 0.0001. The goodness of the model was indicated by the determination coefficient (R 2 ) and the multiple correlation coefficient (R). The value of R 2 (0.8591) for Eq. (3) suggested that the sample variation of 85.91% for polysaccharide production was attributed to the independent variables. In addition, value of lack of fit F value and lack of fit p-value were found to be 1.91 and 0.2692, respectively, which implied that the lack of fit was insignificant relative to the pure error due to noise. Insignificant lack of fit made the model fit. The results suggested that the proposed experimental design was suitable for the simulation of polysaccharide production from P. ostreatus within the range of variables employed.
The interactions and optimal levels of the variables were determined by plotting the response surface curves. The shapes of the contour plots indicate whether the mutual interactions between the variables are significant or not. The circular contour plot of response surfaces suggests that the interaction is negligible between the corresponding variables, while an elliptical or saddle nature of the contour plot indicates that the interactions between the corresponding variables are significant (Muralidhar et al., 2001 ). The response surface curves were generated as shown in Fig. 2 , which depicted the interactions between two variables by keeping the other variables at their zero levels for polysaccharide production. These 3D plots and their respective contour plots provided a visual interpretation of the interaction between two factors and facilitated the location of optimum experimental conditions. From the Eq. (3), the optimal values of 1 x , and were estimated to be -0.164, 0.469 and 0.424, respectively. Correspondingly, their actual values were 11.79 % inoculum size, 74.69% moisture content and 12.12 C/N ratio, respectively. The predicted maximum yield of polysaccharide was 38.207 mg/g under the optimum condition, which was higher than the value of 33.2 mg/g, that was showed in the paper of Haibin Tong et al. (Haibin Tong et al., 2009 ). Table 4 showed the changes of nutrients between unfermented SCR and fermented SCR. Cultivated with the optimized conditions, the polysaccharide of fermented SCR (37.942 ± 1.049 mg/g) was accumulated and as much as quadruple compared with unfermented SCR. Ethyl acetate and methanol extracts of P. ostreatus have been found to exhibit potent scavenging of hydroxyl radicals and inhibition of lipid peroxidation activities (Jose, Janardhanan, 2000) . Especially, the most attractive property of P. ostreatus, polysaccharide has showed to exhibit hematological, antiviral, antitumor, antibiotic, antibacterial, hypocholesterolic and immunomodulation activities. (R. Cohen et al., 2002) . The polyphenol is a good radical scavenger, which can eliminate the free radical of human, enhance immunity and has the anti-senile function. Moreover, the polyphenol effects on falling blood fats obviously. Table 4 suggested that total polyphenol of fermented SCR were 15.362 mg GAE/g and six-fold contrasted with unfermented SCR. The protein of fermented SCR was 200.980 mg/g and twenty-fold compared with unfermented SCR (Table 4) . Fermented SCR contained 20% protein (dry matter) and the protein content of 1 kg fermented SCR was equal to the protein content of 2 kg lean meat, 3kg the egg or 12 kg the milk content, as well as this protein surpassed the above products and was assimilated easily (Admin, 2010) . Similar results had showed that incubation of stoned olive pomace, mixed (25%, w/w) with various conventional feedstuffs (i.e., wheat bran, wheat middlings, barley grains, crimson clover, wheat flour shorts and field beans), with Pleurotus ostreatus led to significant crude protein increases, ranging from 7 to 29% (Viviana Brozzoli et al., 2010) . For amino acid, serine, threonine, glycine, alanine, phenylalanine and gaba amino acid were increased remarkably and glutamine acid, methionine, isoleucine, leucine and tyrosine were emerged, especially, aspartic acid of fermented SCR was increased more than one hundred times compared with unfermented SCR. The aspartic acid has the widespread use in the medicine, food and chemical industry. In the medicine, it uses for treating heart disease, the liver complaint and hypertension sickness, it also can prevent and resume the weary function. In sum, the quantity and verities of active substances in SCR were raised obviously after fermentation. These indicated that the fermented SCR could be a potential and nutritious ecologic feed. 
The changes of other nutrients
Evaluation of ecological advantage
With the popular of bean products, the by-products, SCR is increased massively. The production of SCR reaches as high as 20 million tons in China, and also in Japan it is 0.7~0.8 million tons every years. Because the moisture ratio of fresh SCR is excessively high, which is more than 80%, it is acidifird easily and heavy stench to expose to the air without treatments. Therefore, it could cause severe environmental pollution. In Japan most SCR is incinerated or landfilled directly, and the disposal cost of SCR is 10,000~20,000 Japanese yen/ton. Although there were some reports about making SCR into the health food and feed, processing techniques were too complex and cost was too high to use widely (O'Toole, D. K., 1999 , Pham, MA. et al., 2010 . The production of ecologic feed by an edible mushroom is a new, simple and economic method to reuse SCR raw materials in SSC. With a high content of polysaccharide and polyphenol, make the feed having a high immunity and anti-inflammatory in order to instead the antibiotic and increasing the feed security.
SSC has gained a fresh attention in the recent years, mainly due to its advantages over submerged fermentation such as low capital investment, solid waste management, no waste liquid, no secondary pollution, reduced energy requirements, improved product recovery, etc (Shah, Madamwar, 2005; Singhania et al., 2009) . SSC is a process whereby an insoluble substrate is fermented with sufficient moisture but without free water (Chahal, 1985) . The substrates generally used are low cost agro-residues such as wheat straw, wheat bran, baggase, soya hulls etc., which further reduce the production cost (Mohana et al., 2008; Shah, Madamwar, 2005) . Thus SSC is a fit way to produce ecologic feed reusing SCR. Moreover, it could be a wide range of promotion and use widely. After fermentation, not only flavour and mouthfeel but also the quantity and verities of bioactive substances were raised obviously in SCR. Especially, protein was increased twenty times contrasted with unfermented SCR.
In brief, reusing SCR to produce ecologic feed for SSC was not only simple, but also alleviation pressure on the environment. The fermented SCR was rich of nutrient substance and low cost, causing very good economic efficiency.
Conclusions
In conclusion, the production of P. ostreatus polysaccharide was obtained the maximum in these conditions: inoculum size of 10% (ratio of the mass), moisture content of 75%, pH value of 5.5, C/N ratio of 10 and fermented time of 20 days. Response surface analysis revealed that the optimized culture condition for P. ostreatus polysaccharide production was inoculum size (11.79%), moisture content (74.69%) and C/N ratio (12.12). Furthermore, total polyphenol, protein and various amino acide were increased significantly compared with unfermented SCR. These stated that the fermented SCR could be a potential and nutritious ecologic feed. Further works on the isolation, purification, characterization and functional effects of polysaccharide resuing SCR from P. ostreatus is in progress. 
